SUMMARY To determine whether vascular smooth muscle cells around intestinal arterioles of various sizes undergo comparable changes in spontaneously hypertensive rats, 4-to 6-week-oId (n = 10) and 17-to 19-week-old (n = 10) rats from the Wistar-Kyoto and the spontaneously hypertensive strains were used to study the external morphology of vascular smooth muscle cells by scanning electron microscopy and the vessel wall cross-sectional characteristics by light microscopy. At the tune of fixation all vascular tone had been abolished. Scanning electron microscopy analysis revealed that all Wistar-Kyoto and spontaneously hypertensive rats at a given age have spindle-shaped vascular smooth muscle cells of comparable length and longitudinal width for a given branching order of arterioles. However, normal maturation is associated with elongation and widening of the vascular smooth muscle cells. Light and sinning electron microscopy indicated that a monolayer of vascular smooth muscle cells, wrapped at almost 0 degrees to the vessel's radial axis, is maintained in adult spontaneously hypertensive rats. The radial thickness of this vascular smooth muscle cell monolayer was significantly (p< 0.025) increased for only the largest arterioles of young and adult spontaneously hypertensive rats. This radial thickening of individual vascular smooth muscle cells increased the muscular component of the wall area for the largest arterioles by about 50% in adult spontaneously hypertensive rats. Other smaller submucosal arterioles of young and adult spontaneously hypertensive rats had normal vessel wall and vascular smooth muscle cell characteristics. These data indicate that hypertrophy in the smooth muscle cell's radial dimension is the primary morphological change in intestinal arterioles of spontaneously hypertensive rats. However, the vascular smooth muscle cell hypertrophy is confined to the largest arterioles such that the remaining smaller arteriolar vessels in the spontaneously hypertensive rat retain a normal smooth muscle cell and overall wall morphology. Received March 10, 1986; accepted July 17, 1986. vasculature. Indeed, both functional and anatomical studies have shown vessel wall enlargement resulting from hyperplasia, hypertrophy, or both, to be associated with some part of the arterial or arteriolar vasculature during hypertension. 
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HYPERTENSION VOL 9, No 1, JANUARY 1987 m e n t i, 7 . ii, 14 The pri m a r y i s s u e of the present study was to determine whether or not arterioles of comparable branch order in the intestinal microvasculature experience a change in the morphology and number of the VSM cells.
In previous studies, we defined a variety of structural characteristics for VSM cells from the submucosal arteriolar system of the small intestine of normal Wistar-Kyoto rats (WKY) during maturation. 17 " 19 We noted a uniform hypertrophy of the length and width of the VSM cells associated with maturation, with no difference in these dimensions for VSM cells of first, second, or third order arterioles in rats of the same age. All VSM cells were "spindle-shaped" with two gradually tapered processes that were on opposite sides of the somal enlargement (nuclear) region. The media of all arterioles studied was a monolayer of muscle cells. These data suggested that the VSM cells populating the normal intestinal microvasculature form a common population of cells at a given age in terms of their length, width, and process morphology for the various types of arterioles. Whether or not a common morphological adaptation of all VSM cells of the various orders of arterioles in SHR occurs during the development of hypertension is not known.
The purpose of this study was to evaluate and compare the vessel wall and cellular morphological characteristics of arterioles from young and adult WKY and SHR. The evaluations were based on average VSM cell lengths, VSM cell widths, and number of VSM cells per length of vessel obtained from circumferential scanning electron microscope (SEM) views of individual VSM cells and on average VSM and total wall areas and thicknesses obtained from conventional tissue sections viewed with light microscopy. All comparisons were based on vessels of identical branch order within the intestinal microvasculature.
Materials and Methods
Age-matched male WKY and SHR (Taconic Farms, Germantown, NY, USA) were studied at 4 to 6 weeks of age and 17 to 19 weeks of age. Each age group contained five WKY and five SHR. The animals were placed in one of four animal groups according to age and genetic makeup (strain): 4-to 6-week-old WKY, 4-to 6-week-old SHR, 17-to 19-week-old WKY, and 17-to 19-week-old SHR).
All animals studied were anesthetized with sodium pentobarbital (5 mg/100 g i.p.). Colony mates of these animals had the following ranges for mean arterial pressure: 4-week-old WKY, 80 to 90 mm Hg; 4-weekold SHR, 115 to 125 mm Hg; 17-week-old WKY, 120 to 130 mm Hg; and 17-week-old SHR, 170 to 180 mm Hg. Thereafter, a catheter was placed in one femoral artery, followed by an intra-abdominal injection of lidocaine (10 ml of 10% solution in saline) to retard peristaltic activity and induce intestinal vasodilation. Before the intravascular infusion of fixative, the animal was given 1 ml of adenosine solution (0.01 g/ml of saline) intra-arterially to cause maximum local and systemic vasodilation. 20 There were two reasons for using maximum vasodilation. First, this avoids any folding of the intima caused by vascular tone. Second, a previous in vivo study indicated that differences in the luminal diameters of arterioles from age-matched WKY and SHR were minimal when all vascular tone was abolished. 13 Tissue Fixation and Processing
The tissue was fixed and processed according to our previously described protocol. 17 " 19 In brief, the intravascular fixative used was 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4; 400 mosm) given as an intra-arterial infusion. Immediately after the infusion of 20 to 40 ml of fixative, the animal was transfused with 20 to 40 ml of heparinized whole blood. The whole blood used was expired human blood. In vivo observation of the vessel during previous studies 17 
"
19 indicated that the infusion of neither fixative nor blood influenced the diameters of the passive vessels. Following fixation and transfusion, the small intestine was removed and slit. The intestine was washed to remove chyme and pinned out in Petri dishes partially filled with paraffin. To ensure adequate fixation, the bowel sections were immersed in fixative for 1 to 4 hours. This step was followed by storage overnight in 0.1 M sodium cacodylate buffer (pH 7.4; 200 mosm).
Removal of the intestine's visceral muscle layers exposed the submucosal vasculature. This microvascular system has a unique feature in that all types of arterioles except the precapillary arterioles of the muscle layer and central arterioles of the mucosal villi are located within the submucosa. The visceral muscle layers are removed as a sheet by passing a microprobe between the muscle and submucosal layers and carefully peeling away the muscle.
Arterioles destined for light microscopy were identified by their in situ position within the intestinal submucosal vasculature. 21 The largest arterioles that also were paired with a large venule were called first order arterioles (1A). Further branchings that also separated an arteriole from its paralleling venule produced the second order arterioles (2A). The third order arterioles (3A) were those formed at a right angle when the next branching occurred. With the use of a dissecting microscope (Wilde 400, Wilde Heerbrugg Ltd., Heerbrugg, Switzerland) arteriolar segments were selected and, along with their underlying mucosa, were cut out of the intestinal wall. This produced rectangular tissue samples whose long axis corresponded to the longitudinal axis of the arteriolar segment. The rectangular samples of tissue were dehydrated through a graded series of ethanols, infiltrated, and embedded in Epon with the long axis of the sample, and its arteriole, parallel to the long axis of the mold. Transverse sections of these rectangular samples of tissue produced cross-sections of the arteriole to be examined. Thick sections (2.0 FIM) were stained with methylene blue to facilitate examination.
Samples destined for SEM examination were processed as follows. Residual connective tissue, which still covered some of the arterioles and venules, was removed by selective dissection and digestion. The digestion procedure began with a 4-minute exposure of the tissue to 30% KOH at 60 °C. The tissue was then thoroughly washed in a Tris-maleic buffer (pH, 6.8; 800 mosm; 23 °C). The tissue was exposed for 4 to 12 hours to a collagenase II solution (1 mg/ml; Worthington Biochemicals, Freehold, NJ, USA) in Trismaleic buffer containing CaCl 2 (pH, 6.8; 800 mosm; 37°C), 0.055 mg/ml. The buffer solution was sterilized by filtration. Subsequently, the tissue was rinsed several times in 0.1 M cacodylate buffer (pH, 7.4; 200 mosm), dehydrated through a graded series of ethanols, and dried from liquid CO 2 by the critical point method (Tousimis 760, Tousimis Research, Rockville, MD, USA). Arterioles (1A, 2A, and 3A) were identified, after the method of Wideman, 21 by their respective locations within the intestinal vasculature and removed from their in situ position. Use of SEM analysis has shown that the media of submucosal arterioles from normal rats (WKY) and SHR consists of a monolayer of VSM cells (see Figure l) . "-19.22,23 The only variation from this fact noted within the submucosal arterial system was found along the 1A that connect directly to the mesenteric arterial vessels supplying the intestine. As these continuations of the mesenteric arterial vessels penetrate the muscularis externa of the intestine and enter the submucosa, they have approximately two layers of VSM cells, as described by others, 1(M2 ' u for the most distal mesenteric arterial vessels. As one progresses distally along these most proximal submucosal arterioles, the number of VSM cell layers rapidly decreases to a monolayer. To avoid any possibility of compromising our data by trying to use arterioles that were not a true monolayer, we only selected vessel segments that were distal to the first subdivision of the submucosal arterial system. The selected vessels were remounted "on end" on SEM specimen holders and coated with approximately 30 nm of Au-Pd alloy in a Hummer V sputter coater (Anatech, Alexandria, VA, USA). Each sample was examined in the AMR-1000A SEM (Amray, Bedford, MA, USA) at 20 kV.
Morphometric Analysis Circumferential Views of Vascular Smooth Muscle Cells
The morphometric measurements of individual VSM cells were taken directly from SEM photographs. The final magnifications of the SEM photographs were X2000 to X4000 for 1A and 2 A and X2000 to x 10,000 for 3A (see Figure 1) .
From the outer diameter measurement of a vessel segment, we calculated the outer vessel circumference. The cross-sectional shape of the arterioles varied from a circle to a minor ellipse. The presence of slightly elliptical lumina was not due to an oblique sectioning angle, nor was the presence of variations in wall thicknesses or slightly elliptical lumina due to an oblique sectioning angle. The occasional increases in wall thicknesses were caused by having cross-sectioned the nuclear region(s) of VSM cells, endothelial cells, or both. Several studies have shown that dilated arterioles, 17 " 19 ' 23 as well as arteries or arterioles processed while still experiencing at least some vascular tone, 6 ' Z2~25 will vary in shape from a circular to a slightly elliptical cylinder. If all arterioles had an elliptical profile whose ratio of long to short axial diameter was 1.5:1, the error due to calculating the diameter by averaging the maximal and minimal caliper diameters would be 3%. 26 The majority of all arterioles studied were nearly circular and only a few demonstrated an axial ratio that approached 1.5:1. Therefore, the circumferential error due to an elliptical cross-section was less than 3%.
Cell length was determined by multiplying the vessel circumference by the number of revolutions, including any partial revolutions, a cell made around its vessel. The number of revolutions was determined by following each VSM cell through a sequence of circumferential photographs of their vessel segment as the vessel segment was revolved in the SEM.
17 "
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The number of VSM cells per length of vessel was determined by counting the number of cells it took to form the monolayer of muscle and cover the entire segment of vessel included within each circumferential view. As can be seen in Figure 1 , individual cells are readily seen in the SEM photographs of the various arterioles.
The widths of four VSM cells selected from each circumferentially viewed vessel segment were measured at selected points along each cell. These points along the cell length were determined as follows. The length of the cell from the center of the somal enlargement to the end of each lateral process was subdivided into five equal portions. Thus, there were a total of 10 portions (2 tapers X 5 subdivisions), whose lengths were separated by about 10% of the total cell length (Lc). At the points separating each portion, the cell width was measured perpendicular to the longitudinal axis of the VSM cell. The width at the terminal end of each lateral process was assumed to be the same as the width measured at the fifth subdivision. The 10 portions were treated as trapezoids with a known longitudinal length (0.1 L c ) and two parallel walls of known length (w D and w B + ,). The area of each portion (Ap) was calculated from these measurements:
The areas of the 10 portions were then summed and divided by the total cell length to determine the mean longitudinal width of each VSM cell.
Vessel Wall Components
Vessels from segment(s) of intestine destined for embedding were identified by their in situ location within the arteriolar branching pattern. Two vessels per branch order in each rat were selected. The selected vessels and the accompanying intestinal wall were embedded and cut (2.0-^im thick) in cross-section. These sections were used to determine if there were changes in several defined parameters of the vessels. The 1A, 2A, and 3A selected from each rat were photographed at a fixed magnification of X400 using a Zeiss II photomicroscope (San Antonio, TX, USA). The photographs were enlarged to a final magnification of x 4032. If a particular vessel cross-section was too large for a single field of view, the cross-section was reconstructed from several photographs before morphological quantitation. Morphometric measurements were done using a computer-assisted (Cromemco, Mountain View, CA, USA) image analysis software system (Quantigraph; Scientific Software Products, Indianapolis, IN, USA). The photographs were placed on a digitizing pad (Supergrid; Summagraphics, Fairfield, CT, USA), which served as the means of determining the area and length under a line (i.e., circumference and area of a circle). We have determined the error of our system (hardware and software) to be less than 1%. The perimeters of each vessel lumen, tunica media, and internal elastic lamina (tunica intima) were used to demarcate the respective portion of each vessel. The computer was programmed to measure the cross-sectional areas and diameters of the 1) complete (total) vessel (vessel's tunica media, tunica intima, and lumen), 2) intima (lumen + endothelium + internal elastic lamina), and 3) lumen. The area of the respective portions of each vessel was used to calculate the diameter of each portion, assuming each portion to be a circle. The measurements listed above were used to determine the area and thickness for the total wall and media of each vessel segment. The area of the total wall and media was calculated by subtracting the area of the lumen and the intima, respectively, from the area of the complete vessel. The average diameter of the total wall, media, and lumen was determined by dividing the respective area(s) by pi. The average thickness of the total wall and media was determined by subtracting the lumen diameter and intima diameter, respectively, from the total wall diameter. The ratios of muscle area to total wall area and wall thickness to lumen diameter for each vessel segment also were calculated.
Statistical Analysis
We chose the level of significance for each statistical test to be a p value of 0.025 or less. Each set of measurements was grouped according to age and strain: 4-to 6-week-old WKY, 4-to 6-week-old SHR, 17-to 19-week-old WKY, 17-to 19-week-old SHR). Each animal group was further subdivided into three groups according to the arteriolar branch: 1 A, 2A, and 3A.
The data obtained for each branch of vessel within each animal group were compared using the Student's pairedMest (i.e., 1AVS2A, 1A vs3A, 2Avs3Aof4-to 6-week-old WKY). 13 The use of a paired t test was chosen a priori, based on the following rationale. We assumed mat the individual vessels were from a population of rats that consisted of individuals having a common background and common experiences, except for their age (Treatment 1) or their genetic makeup (strain; Treatment 2). 27 The effect of the animal's strain on the results from equivalent vessels in either 4-to 6-week-old or 17-to 19-week-old rats was compared using the Student's paired t test (i.e., 1A from 4-to 6-week-old WKY vs 1A from 4-to 6-week-old SHR). The effect of age on each level of arteriolar branching within each strain (i.e., 1A of 4-to 6-weekold SHR vs 1A of 17-to 19-week-old SHR) was also compared using the Student's paired t test. All data in Tables 1 through 3 are presented as the mean ± 1 SD. Figure 1 presents an SEM view of selected 1 A, 2A, and 3A from 17-to 19-week-old WKY and SHR. The surface appearances of vessels from 4-to 6-week-old rats were almost identical to those shown. These photographs were taken when the arterioles were devoid of vascular tone. Note that the microvessels of the SHR have a normal appearance in that only two lateral processes per VSM cell are present, the cells are oriented at about a 0-degree angle (i.e., parallel) to the circumference of its vessel, and no VSM cell overlap is seen. This cell morphology was typical for all arterioles studied in WKY and SHR.
Results

Vascular Smooth Muscle Cell Morphology
The average lengths and longitudinal widths of the VSM cells for the various arterioles and animal groups are shown in Table 1 . Because we used maximally dilated preparations, any differences between comparable arterioles of age-matched WKY and SHR due to vascular tone were minimized. Even though there was slightly more than a twofold difference in both lumen and outer diameters between 3A and 1A within each animal group (Table 2) , the average length and width of their VSM cells, as well as cells of the 2A, generally were uniform in a given animal group. The passive length of VSM cells for comparable branches of WKY and SHR arterioles at a given age were similar (see Table 1 ). The 2A and 3A of adult SHR had narrower longitudinal cell widths than did the comparable order arterioles of WKY (see Table 1 ).
As shown in Table 1 , the number of revolutions a single VSM cell makes about the vessel circumference and number of VSM cells per 10-/xm vessel length was equivalent for comparable arterioles at a given age in WKY and SHR. However, as the outer and lumen diameters decreased from 1A to 3A (see Table 2 ), the number of times a cell encircled the vessel increased from about 0.80 in 1A to about 1.5 in 3A. As each VSM cell was able to wrap more times around progressively smaller vessels from 1A to 3A, the number of VSM cells per 10-/im length of vessel decreased from about 6 cells to 3 cells from 1A to 3A, respectively, in both WKY and SHR at age 4 to 6 and 17 to 19 weeks. Figure 2 presents cross-sectional views of 1A, 2A, and 3A from adult WKY and SHR. The general appearances of vessels in young rats were almost identical to those shown for adult rats. Because the original magnification (x 800) of each figure panel is constant for all vessels in this figure, only part of the vessel wall is shown for the larger vessels.
Vessel Wall Characteristics
All cross-sectional characteristics of the vessel wall Values are means ± 1 SD. 1 A, 2A, 3A = first, second, and third order arterioles, respectively.
Ten vessel segments (two segments per type of vessel from five rats of each strain and age) were used for each measurement.
*p < 0.025 (paired / test), comparing strains (within a branch order). tp < 0.025 (paired t test), comparing ages (within a branch order). measured in this study are listed in Tables 2 and 3 . The total wall area measurements (see Table 3 ) included the endothelial cells, internal elastic membrane, and VSM cells of the arteriolar wall. The adventitial tissues located on the antiluminal surface of the vessels were not included because a clearly defined end point for this outer layer of connective tissue was not present. The VSM cell (i.e., muscle) areas are shown in Table  3 . The VSM cell area of 2A and 3 A in young and adult SHR were not significantly different (p>0.025) when compared with their equivalent arterioles from agematched WKY. The muscle areas of 1A, the largest arteriole of the intestinal wall vasculature, were also equivalent in young WKY and SHR. For these large arterioles, however, the muscular component of the vessel wall in the adult SHR was about 50% (160-fim 2 difference) greater than normal. The larger mass of VSM tissue in the 1A of adult SHR was reflected in the comparable increase (165 /Am 2 ) in the total wall area of these vessels (see Table 3 ).
The ratio of VSM cell area to total wall area provided an indication of the relative amount of contractile components in the overall vessel wall (see Table  3 ). All arteriolar branch orders for a given age and strain of rat had about 60% of their total vessel wall in the form of VSM cells. The 1A of both young and adult SHR and the 2A of adult SHR had a small but significant increase in the percentage of muscle in the vessel wall. However, the other branch orders of young and adult SHR had normal VSM/total wall area ratios. Values are means ± 1 SD. VSM = vascular smooth muscle; 1A, 2A, 3A = Ten vessel segments (two segments per type of vessel from five rats of each *p < 0.025 (paired / test), comparing ages (within a branch order). tp < 0.025 (paired / test), comparing strains (within a branch order).
= first, second, and third order arterioles, respectively, strain and age) were used for each measurement.
We have presented the wall thickness to lumen diameter ratios and total wall and muscle layer thicknesses (see Table 3 ) for comparison to such measurements made by others and to indicate data for which various calculations can be made. Extrapolation of these data to presumed diameters of the vessels should take into account how changes in the luminal or outer vessel diameter can greatly influence the vessel wall thickness and the wall thickness to lumen diameter ratio. In a previous report, 15 the in vivo inner diameters, wall thicknesses, and wall areas of the intestinal arterioles in anesthetized adult WKY and SHR were measured during transillumination when normal vascular tone was present and after local maximum dilation (appropriate arterial pressure retained in each strain). The wall dimensions measured in the previous in vivo study" and the current study are markedly different because of the unique optical conditions of the two situations and the amount of material considered as vessel wall. Outer vessel diameters determined using in vivo observations by necessity must include a corona of connective tissue around the outside of the vessel. In addition, in vivo studies cannot resolve specific layers of intimal, muscular, and connective tissue. Therefore, previous observations of vessel wall characteristics during in vivo conditions, as in studies from this laboratory, 13 -16 n are at best general indicators of vessel wall changes. The vessel wall as defined in the present study included only the muscle and intimal tissues because the outer boundary of the connective tissue layer cannot be defined reliably.
Discussion
In the present study, intestinal arterioles of exactly the same branch order from age-matched WKY and SHR and their monolayer of individual VSM cells were compared by a new method of analysis using an SEM and by light microscopy using a conventional method of cross-sectional analysis. Scanning electron microscopy allowed us to determine the length and longitudinal width of VSM cells and their orientation within the vessel wall of the young and adult SHR. Light microscopy allowed us to measure selected parameters of the entire vessel wall. Physical conditions of maximum local and systemic vasodilation were used so that the vascular tone would be minimal and the tone and inner diameters of equivalent branch order arterioles in WKY and SHR would be as comparable as possible. Therefore, measurements of cell size and orientation between animal strains were made at comparable distentions of the vessel wall components for the vessels of equivalent branch order.
As can be seen in Figure 1 , the monolayer of VSM cells of similar branch order arterioles in WKY and SHR is oriented with their length at nearly a 0-degree angle (i.e., parallel) to the circumferential axis of the vessel. Therefore, force transmission by the muscle to the circumference of the vessel should be equally efficient in normotensive and hypertensive rats, assuming there is little or no slippage of the VSM cells relative to the vessel wall in either strain of rats. Walmsley et al. , x Miller, 18 Miller and colleagues, 17 ' " and Moore et al. 23 have recorded a similar arrangement for VSM 29 have shown that active muscle tone did not substantially alter the orientation of the VSM cells relative to the vessel wall. We would expect similar circumstances for vessels of hypertensive rats because their VSM cells have a normal length and wrapping arrangement (see Table 1 and Figure 1, respectively) .
As shown in Table 1 , even though the length of individual VSM cells was comparable for all vessel orders of age-matched WKY and SHR, the number of times a given cell spiraled about the host vessel depended on the circumference of the vessel. For vessels of identical branch order in age-matched WKY and SHR, the number of spirals or revolutions at the passive state was not different (p>0.05) and the number of cells in a 10-fim length of vessel was equivalent (p > 0.05; see Table 1 ). Therefore, we did not find any evidence of VSM hyperplasia for the intestinal arterioles, from largest to smallest, in the young or adult SHR. The data for the largest submucosal arterioles in the present study are similar to the observation of minimal hyperplasia with cellular hypertrophy or aortic VSM cells in the SHR made by Owens and Schwartz. 9 These observations appear very different from several other studies. Warshaw et al., 8 calculating the "SMC [VSM cell] count/unit area of media" of mesenteric arteries just preceding and perfusing the intestinal microvessels, suggested that the increased medial thickness in 24-week-old SHR was due to hyperplasia, not cellular hypertrophy. Mulvany and colleagues 7 ' 14 studied the smallest mesenteric arteries from approximately 20-week-old SHR. These smallest mesenteric arteries, in turn, penetrate the muscularis externa and begin the submucosal arterial system of the small intestine. Both studies 7 ' 14 found about a one-third increase in the number of VSM cells in the intestinal arteries based on either the number of VSM cell layers 7 or a calculated number of cells per vessel segment length. 14 Lee et al., 10 '" using arterial vessels from the superior mesenteric artery to the smallest mesenteric arteries that run along the mesenteric border of the bowel, also found evidence of hyperplasia. They noted a small but significant increase in the "number of layers of VSM cells" around the smallest of mesenteric arteries in SHR at 10 to 12 weeks, as did Mulvany et al. , 7 and the "number of VSM cell layers" around the muscular mesenteric arteries. An increase in the number of VSM cell layers could be important, in a mechanical sense, to vascular regulation at elevated distending pressures, regardless of the presence or absence of hyperplasia. Differing definitions of the term hyperplasia may be contributing to the apparent differences in results found for arteries versus arterioles, assuming that arterial muscle does and arteriolar muscle does not experience hyperplasia. Perhaps, in the strictest anatomical sense of the term, the total number of cells around a given length of vessel, as used in the present study and by Mulvany et al., 14 Warshaw et al., 8 and Owens and Schwartz 9 would be the better unit of measure when describing hyperplasia rather than the number of cell layers, as used by Mulvany et al. 7 and Lee and colleagues. 10 ' " The only evidence of abnormal vessel wall enlargement seen within the submucosal arterioles during hypertension was for the largest arterioles, the 1A, of both the young and the adult SHR. The increase in muscle content of the vessel wall appeared to be due to cellular hypertrophy rather than hyperplasia because of the normal cell length and the number of VSM cells in adult SHR (see Table 1 ). These data are consistent with cellular hypertrophy of the VSM cells of the 1A in the SHR that began at least by the age of 4 to 6 weeks. However, we do not wish to leave the impression that only radial thickening of the cells may have occurred. It is possible that at vessel circumferences other than maximum local and systemic vasodilation, the crosssectional shape of cells would yield very different radial and longitudinal cell widths. The apparent absence of marked vessel wall hypertrophy for all arterioles except the largest arterioles has direct correlation to studies of humans with essential hypertension. Short 3 demonstrated that even after prolonged essential hypertension, only the largest arterioles of the human intestine exhibited marked vessel wall hypertrophy. Prior to Short's 3 observations, Furuyama 1 had reported that in hypertensive humans the degree of vessel wall enlargement in the renal and mesenteric vasculatures decreased with progressively smaller arteries and was all but absent for arteriolar-diameter vessels.
The absence of increased medial thickness and VSM area for the 2A and 3A of all SHR in this study is of interest because it suggests that VSM cells from similar arterial vessels (i.e., 1A, 2A, or 3A) may have different responses to spontaneous hypertension. Other studies may not have detected such a variation because larger vessels were used. 10 ' "• l4 Most other studies also have had to contend with the amount of medial intercellular connective tissue. Variations in this component, if not carefully considered, could complicate the interpretation of a ratio of media thickness to total wall thickness. In the present study, this component did not appear to be a complication for two reasons. First, the media was a monolayer of VSM cells. Second, the increase in the VSM radial thickness accounted for all of the increase in total radial wall thickness in 1A and 2A of young SHR, and the radial increase in VSM thickness accounted for 87% of the total radial wall increase in 1A of adult SHR. Warshaw et al., 8 in mesenteric arteries from SHR, and Furuyama, 1 in certain arteries from hypertensive humans, have indicated that essential hypertension increased the overall muscle tissue and the medial intercellular connective tissue such that the ratio of media thickness to total wall thickness was about normal. Mulvany and co-workers 7 
'
14 did not comment on this ratio, although their data did show an increase in total wall thickness in SHR (43%) that was similar to the increase in media thickness in SHR (50%). Mulvany et al. 7 found no change in the content of connective tissues in the rest of the vessel wall: the difference of wall thickness minus media thickness was 9 jum in WKY and 10 /im in SHR. In the present study, the endothelial and connective tissue area was about equal for comparable vessel orders of arterioles in WKY and SHR (endothelial area = total area -muscle area; see Table 3 ).
In summary, the results of this study indicate that cellular hypertrophy is a characteristic of only the largest intestinal arterioles of the SHR. Furthermore, although hyperplasia of VSM cells has been reported to occur in at least some of the mesenteric arteries 7 -10~12 ' u leading to the intestinal microcirculation, the arteriolar smooth muscle did not appear to undergo hyperplasia during the developmental stage of hypertension. Therefore, there must be a variety of ways that different vessels can adapt to hypertensive distending forces or a variety of ways that the genetic expression of hypertension can occur within the intestinal vascular bed of the SHR. As a consequence, correlating the functional and behavioral characteristics of the overall vasculature to a specific structural abnormality within a given portion of the arterial or arteriolar vasculature is difficult.
